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Abstract 
The range and intention of Product-Service System (PSS) design are quite different from the traditional product-oriented design. Therefore, 
designers and design organizations in the future must have new capabilities and competencies to realize an effective PSS design. In this study, 
the authors develop an educational business game for accustoming users to the philosophy of PSS and changing their mindset. Business games 
have the advantage of effective and enjoyable learning through strategic thinking in a simulated business environment. This paper presents the 
latest structure of the developed game and types of strategic thinking of players in the game. The effectiveness of this game is demonstrated by 
the application in several workshops. 
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1. Introduction 
Owing to intensified global competition and market 
maturity, manufacturing firms have been forced to adopt a 
more competitive and sustainable business model. In this 
context, Product-Service System (PSS) [1-4], a business 
concept which is characterized by a combination of tangible 
products and intangible services, has been attracting much 
attention from both academic and industrial sides. 
For the design of a PSS, it is important to consider the 
value created by the whole system composed of a combination 
of products and services [3]. Therefore, the designers in the 
future must have a new mindset to realize an effective PSS 
design [5]. For designers who have only learned traditional 
engineering, it is difficult to acquire such a mindset 
spontaneously. This is one reason why most of manufacturing 
firms have not shifted their business models from a product-
selling to a product-service offering. In order to promote the 
transformation, it is required to develop educational methods 
or tools that enable designers to easily and effectively learn 
the new mindset [6]. 
In this study, the authors propose an educational business 
game named EDIPS: Edutainment for Designing Integrated 
Product-Service Systems. This game has the advantage of 
effective and enjoyable learning through active and strategic 
thinking in a simulated business environment. The purpose of 
EDIPS is not to teach a specific design theory but to educate 
the philosophy of PSS design especially focusing on the value 
amplification by integrating products and services. This paper 
presents the latest structure of EDIPS and strategic thinking of 
players in the game. The effectiveness of this game is 
demonstrated by the application in several workshops. 
2. Research Objective 
2.1. Philosophy of Product-Service Systems (PSSs) 
PSS is a concept originally expected to effectively reduce 
the environmental burden of sustainable production and 
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consumption by bringing social structure out of high-volume 
production, consumption, and disposal [1]. Also, PSS is 
expected to enhance the value of products by integrating 
services throughout its life cycle [3]. From the long-term 
relationship with customers, a provider of PSS can 
continuously obtain monetary and informational value [2].  
Recently, the authors of this paper highlight the system 
aspect of PSS and define a PSS as a social system that 
enhances societal and economic values for stakeholders 
through the co- and cross-offering of products, services, and 
product-services within the system [7]. Here, product-service 
means an integrated combination of products and services. 
According to this definition, we regard PSS design as the 
design of PS Synergy, PS Strategy, and PS Structure: PSS3 [7]. 
PS Synergy is a value amplification mechanism by a PSS 
offering. To realize PS Synergy, both PS Structure and PS 
Strategy must be designed. PS Structure indicates a 
stakeholder collaboration network for value co- and cross- 
offering, and PS Strategy means a strategy to construct win-
win relationships among stakeholders. 
2.2. Transformation of an organization to PSS design 
The range and intention of PSS design are quite different 
from the traditional product-oriented design [5]. Therefore, 
designers and design organizations in the future need to have 
new capabilities and competencies for an effective PSS design. 
Some researchers have addressed issues on the organization 
change toward PSS design, development, and offering [8-10]. 
For instance, Karni and Kaner clarified characteristics of 
organizational capability and enabler to offer a PSS. They 
also developed a model to evaluate a PSS maturity of 
organizations [8]. These studies provide valuable findings 
with regard to what changes are required to be a PSS provider. 
However, there are few studies on how to promote the 
changes in manufacturing industries. As a result, for 
traditional designers and organizations that have successful 
experiences by a product-selling business model, it still 
remains difficult to embrace the philosophy of PSS and to 
change their mindset. 
2.3. Educational tool for organization change 
To change a mindset of people, experiential learning is 
surely effective [11]. In experiential learning, business games 
are used to teach the thinking skills and competencies 
necessary in business through the games’ virtual business 
world [11, 12]. During education using a business game, 
players can learn these things through a cycle of strategic 
thinking, practicing, and problem solving. Therefore, business 
games can offer successful and failed experiences rather than 
specific knowledge and/or methodologies, and are introduced 
in disciplines in which students will need experience [12]. 
Additional advantages of using business games involve game 
elements such as competition, teamwork, and entertainment 
that enable players to participate in learning more by 
enhancing motivation of participants as compared to the 
typically low level of motivation provided in classroom 
lectures [12].  
Currently, a few authors in the field of PSS research have 
started to develop educational games related to PSS. Böhme 
et al. proposed a business game for total life cycle 
management [13]. The general concept of this game is to 
develop a holistic life cycle strategy for a company which 
comprises of different departments. The game enables 
participants to experience planning of sustainable lifecycle 
strategies through communication between several 
organizational units. Herzog et al. developed another gaming 
tool that has a more strong relation with PSS design itself [14]. 
This study focuses on the difficulty of multidisciplinary 
collaboration required in PSS design. This game provides 
three systematized gamestorming sessions that support 
smooth discussion between participants for innovative idea 
generation in PSS design. 
2.4. Objective and approach 
To tackle the organizational issues mentioned in 2.2, this 
study aims to develop an educational business game for 
accustoming users to the philosophy of PSS and changing 
their mindset. The existing games mentioned in 2.3 have 
respectable benefits especially on teaching an approach for 
smooth collaboration and communication in design or 
planning of PSS. However, to change the mindset of 
conservative manufacturing organizations, teaching a business 
benefit of PSS must be required before teaching a practical 
approach for PSS planning and design.  
In this study, a novel business game named EDIPS 
(Edutainment for Designing Integrated Product-Service 
Systems) is proposed as an educational tool for teaching the 
philosophy of PSS and changing user’s mindset. EDIPS offers 
effective and enjoyable learning focusing on the importance 
of value amplification by combining products and services. 
This paper presents the latest structure and rules of EDIPS 
and summarizes types of strategic thinking in the game. 
3. Edutainment for PSS Design Philosophy 
3.1. Concept 
EDIPS is a turn-taking board game for five players 
developed by simplifying the market model in which products 
are sold and services are offered. The game rules and 
components were designed under the fundamental educational 
objective of this game – the value amplification by combining 
products and services. Game players are designated as product 
providers or service providers, and they aspire to gain the 
most points (i.e., revenue) to win. In order to gain points, 
product providers sell their own products, and service 
providers offer several services related to the products.  
3.2. Game components 
3.2.1. The game board 
The game board is divided into a product area and a service 
area (Fig. 1). These areas represent product life cycle phases 
(installation, use, maintenance, and disposal) and relationships 
between a phase in the product life cycle and a service 
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provided in the phase. In the product area, each product 
provider has his or her own lane in the product life cycle. Sold 
products pass through the following life cycle phases: 
installation, use, maintenance, and disposal. In the service area, 
target types (colors) of services offered are represented by the 
colors of the board. In addition, different adaptations in the 
life cycle phases of each service are represented by 
longitudinal dividers and linked with the product area. 
 
 
Fig. 1. The game board of EDIPS. 
3.2.2. Product pieces 
In the game, players use three colors of product pieces (red, 
blue, and yellow) (Fig. 2). The three different colors represent 
different products in the real world. Each color has a different 
life cycle indicated by the color of cells in the game board. 
The value of each color is constantly changed in the game. 
 
 
Fig. 2.Three colors of product. 
3.2.3. Service cards 
The game includes four kinds of service cards: training, 
monitoring, repairing, and reuse. Fig.3 illustrates an example 
of service card. On each card, a type of service and a target 
phase (installation, use, maintenance, or disposal) are 
described. Additionally, competitiveness value of the service 
is represented by the number of symbolic icons in the card. 
From Fig.3, for example, players can read the following 
information: 
x Type of service: Training 
x Target phase: Installation phase 
x Competitiveness value: two 
 
 
Fig. 3. An example of service card. 
3.2.4. Event cards 
Event cards pose uncertainty of the market as an external 
factor. There are four kinds of event card. An event raised by a 
card may give some players an advantage or disadvantage 
when the card is drawn in an event phase. 
3.3. Outline of the game 
In this section, the game is roughly explained in three 
categories: preparation, during the game, and the end. 
x Preparation 
As reported in section 3.2, this board game features real 
markets in which product providers sell products and service 
providers offer services. First, game players are divided into 
three product providers and two service providers. Then, each 
player chooses a color of product or target product color of 
services with which to deal at the beginning of the game. At 
last, the initial prices of products and services are set by 
rolling the dice. 
 
x During the game 
During each player’s turn, that player is allowed to select 
and conduct only one action. Actions vary according to the 
player’s role (e.g., for product providers: production, sales, 
shift to PSS provider, etc.; for service providers: development, 
launch, shift to PSS provider, etc.). Product providers gain 
points when their own products are sold. Service providers 
earn points when their own services are offered to target 
products. In the middle of the game, one player shifts to a PSS 
provider who can conduct both actions of product and service 
provider. To cope with the PSS provider, the other players 
build alliances between product providers and service 
providers. The strategy of how to combine products and 
services is important for players to win the game. In addition, 
an event phase comes every 15 minutes in the game. In each 
event phase, first, prices of products and services vary 
depending on the market situations. Then, one event card is 
drawn and exercised 
 
x The end 
After 90 minutes, players calculate their points. Here, the 
two players in an alliance team can combine their points.  The 
player or alliance team with the most points is the winner. 
3.4. Essence 1:Product life cycle 
Sold products pass through the following life cycle phases: 
installation, use, maintenance, and disposal. Service providers 
can offer services and receive points according to the phase. 
Because life cycles differ based on the type of product (e.g., a 
blue product has a longer period of use, as shown in Fig.4), 
the compatibility between a product and a service must be 
determined. Thus, it is meaningful for service providers to 
consider appropriate combinations of products and services 
and to develop a strategy to gain service share for the targeted 
products. Product providers who dispose of too many products 
must pay an ecological tax. If a reuse service is offered in the 
disposal phase, providers can reduce not only the number of 
waste products but also the cost of production. To win the 
Service area
Life cycle
Product area
Competitiveness valueTarget phase
Type of service
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game, it is important for product providers to take advantage 
of reuse services. 
 
 
Fig. 4. How a product moves through the product life cycle. 
From these rules, players can learn the fundamentals of 
product life cycles and what types of services can be offered 
in each phase. Also, the rules of ecological tax and product 
reuse help players experience the benefits of eco-friendliness, 
which is one important aspect of PSS.  
3.5. Essence 2:Market circumstances 
An event phase comes every 15 minutes in the game. In an 
event phase, first, prices of products and services will change 
depending on the number of products on the game board, i.e., 
the degree of market saturation. Additionally, an event card 
will be drawn. As mentioned in 3.2.3, event cards may cause a 
change of the market condition. By conducting the action 
“color addition”, players can deal in other types of products or 
other target products of services. This action enables players 
to hedge risks caused by changes in the market conditions. To 
earn many points, it is important to carefully monitor and read 
the market conditions of both products and services and to 
choose this action at the right moment. 
Service providers can raise the competitiveness value of 
each service through investing in their services (e.g., Fig.5 
shows that a training service is launched in the installation 
phase of red products with an investment of one point (i.e. one 
silver plate)). To be more precise, the competitiveness value 
of the service is calculated by adding original value illustrated 
in the card and amount of investments on the card. By 
launching services with a lot of investment, a service provider 
can gain and protect market share from other providers’ 
services. However, investing too much in too many kinds of 
service will lead to losing out. Formulating an optimal 
strategy of investment based on the environment is necessary. 
 
 
Fig. 5. Service launch and investment 
To realize a sustainable business, it is important to change 
one’s strategy depending on features of one’s own product or 
service and market conditions. In the case of PSS, both the 
circumstances of the product or service and the market 
conditions must be monitored. This game helps players 
recognize the importance of changing a strategy according to 
market conditions, including those of their own product or 
service.  
3.6. Essence 3:PSS provider or PS alliance 
Only one player in each game can become a PSS provider 
by paying a certain number of points as transition costs. The 
PSS provider conducts two actions of both product and 
service providers in each his or her turn. The PSS provider 
can effectively score many points because he or she can deal 
in both products and services following his or her individual 
strategy. The PSS provider knows characteristics of their 
products well. Thereby he or she has an advantage on service 
competition. To cope with the PSS provider, a product 
provider and service provider can establish an alliance. A 
product provider in an alliance can receive his or her partner’s 
reuse service, and service providers can achieve the same 
level of competitive advantage as the PSS provider. In 
addition, the two players in an alliance can combine their 
funds at the end of the game. When and with whom players 
establish an alliance will be essential to winning the game as 
well as the choice of becoming the PSS provider or making a 
PS alliance. 
 
 
Fig. 6. PSS provider or PS alliance team. 
To realize a PSS, a company has a choice of two ways to 
offer a combination of products and services: by oneself or by 
cooperation with other companies. These two strategies have 
different advantages and disadvantages. Hence, their own 
strategy should be chosen on the basis of internal and external 
circumstances. Through playing the game, players can 
experience a decision-making on how to realize a PSS. 
4. Strategic Thinking in EDIPS 
As mentioned in Section 2.3, a cyclic loop of strategic 
thinking, practicing, and problem solving has strong 
relationship with effects of the education using a business 
game. From successful and failed experiences accumulated by 
repeating this cycle, game players can learn what important 
things to succeed in the game are. Players connect these 
things with real business and find out educational benefits. To 
clarify the range of educational effect, therefore, it is 
considerable to sort out types of thinking in the game which 
are performed as player’s strategy. In this study, such strategic 
thinking in EDIPS is analyzed and classified. 
Table 1 shows the result of analysis. There are 16 types of 
strategic thinking in total from three different points of view: 
product provider’s view, service provider’s view, and general 
view. For the analysis, first, player’s performances in the 
Manufacturing Installation Use Maintenance Disposal
Sales
Target product color
Target phase
Investment of points to 
intensify competitiveness 
value of the service
㽢㽢
XU
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game were comprehensively extracted from the game rules, 
mechanisms, and records in several trials. Some of the 
performances were not intended in the conceptual design of 
the game where the fundamental game structure had been 
determined to achieve educational objective – the value 
amplification by combining focus on products and services. 
After that, the performances were categorized by using an 
affinity diagram method. The labels in the described affinity 
diagram revealed the types of thinking in EDIPS. For example, 
P-1 “produce and sell products according to one’s own 
resources and capabilities” is comprised of performances 
“produce products considering one’s own stock limitation”, 
“produce products under the restriction of color”, and 
“produce and sell products considering one’s own funds.” 
Here, the performance “produce products under the restriction 
of color” is extracted from rules concerning the selection of 
initial product color mentioned in 3.3 and the color addition 
explained in 3.5. 
Table 1. Strategic thinking in EDIPS. 
No. Type of strategic thinking 
P-1㻌 Produce and sell products according to one’s own resources and capabilities 
P-2㻌 Enter into different product fields to enhance business opportunities 
P-3㻌 Improve profits by increasing the price of one’s own product 
P-4㻌 Produce and sell products considering market saturation 
P-5㻌 Produce products considering ecological constraint 
P-6㻌 Sell products considering their life cycle 
P-7㻌 Increase business efficiency by cooperation with a service provider 
P-8㻌 Add the ability to provide services by oneself 
S-1㻌 Develop services according to one’s own resources and capabilities 
S-2㻌 Launch services to various fields 
S-3㻌 Invest to services considering conditions of the market and competitors 
S-4㻌 Launch services considering compatibility with products in the market 
S-5㻌 Increase competitiveness of their services by cooperation with a product provider 
S-6㻌 Add the ability to produce products by oneself 
G-1㻌 Prepare for any contingency 
G-2㻌 Conclude an alliance smoothly considering partner’s needs 
*) P: Product provider’s view; S: Service provider’s view; G: General view 
5. Application 
5.1. Settings 
To evaluate learning effects of the developed game, several 
workshops were conducted. The participants were 16 
Japanese engineering students and 5 researchers in the field of 
PSS. The students were acquainted with traditional 
engineering technology and product design, while they did not 
have much knowledge of PSS. 
Before starting the workshops, the game rules and 
procedure were explained. Then, participants experienced a 
short trial of the game in order to understand the rules. After 
that, the participants played the game in full. 
5.2. Pre- and post-testing 
This study regards a learning effect as a change in players’ 
awareness before and after the game-playing. In order to 
analyze such a change, the pre- and post-testing method is 
suitable, because it can quantitatively measure both starting 
point on the learning topic and result of the experience. 
Therefore, this method is used to analyze learning effects of 
EDIPS in this application. 
Pre- and post-tests are normally composed of same free-
answer question items. The free-answer question items in our 
tests are as follows: 
Q1㸸 From manufacture’s point of view, what do you 
think are the important things in design and 
development of a new business? 
Q2㸸 From service provider’s point of view, what do you 
think are the important things in design and 
development of a new business? 
 
In these question items, the form of free-answer question is 
adopted. Also, the question items are abstract. By answering 
such abstract questions, respondents are stimulated to retrace 
their thinking and behavior during playing the game. Then, by 
describing answer freely, honest answers can be extracted. In 
addition, Q1 and Q2 have different points of view. This is 
because there are two different roles of product provider and 
service provider in EDIPS. By preparing both points of view, 
it is expected to prompt respondents to make themselves clear 
about their thinking in the game. 
5.3. Results 
The range of educational effects was evaluated by 
checking whether or not the description in answers of the pre- 
and post-tests was consistent with any type of strategic 
thinking summarized in Table 1. Fig. 7 and 8 show the results 
of evaluation. 
 As shown in Fig.7, 12 participants described answers 
corresponding to P-7 “increase business efficiency by 
cooperation with a service provider” in the post test. P-4 
“produce and sell products considering market saturation” 
came second only to it. In the meantime, the least was 
answers related to P-1 “produce and sell products according to 
one’s own resources and capabilities”, whereas it was the 
most common answers in the pre-test. 
From service provider’s view, 11 participants emphasized 
the importance of S-3 “launch services considering 
compatibility with products in the market” in the post test (Fig. 
8). On the other hand, no one denoted answers relevant to S-6 
“add ability to produce products by oneself.” Concerning 
general view, 5 participants gave the description about G-2 
“conclude an alliance smoothly considering partner’s needs” 
as their answer of either Q1 or Q2 (Fig. 8). The results of the 
pre-test were totally lower than those of the post-test. 
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Fig. 7. Answers from product provider’s view. 
 
Fig. 8. Answers from service provider’s view and general view. 
6. Discussion 
From the results shown in Fig. 7 and 8, EDIPS has specific 
learning effects with regard to strategic thinking intended by 
the game developers. The game is characterized by the 
effectiveness for educating the importance of partnership to 
construct a PSS and monitoring of the market, because both of 
P-7 and S-5 related to the partnership, P-4 and S-3 
corresponding to the market condition obtained more 
responses in the test results. Since some researches (e.g., [15- 
17]) denoted the consequence of these things in the context of 
PSS, EDIPS can be considered reasonable and proper as an 
educational tool for the philosophy of PSS. 
Meanwhile, both P-1 and S-1 obtained fewer responses. 
These types of thinking are corresponding to utilization of 
internal resources and capabilities, which is also important to 
design and develop a PSS effectively [18]. This result may be 
due to the form of pre- and post-tests. It is difficult to draw all 
things learned in the game, because respondents only answer 
strongly impressed things on their mind. Therefore, other 
methods such as a depth interview should be additionally 
applied to analyze educational effects of the game in detail. 
7. Conclusion and Outlook 
This study proposed an educational business game “EDIPS” 
for accustoming players to the philosophy of PSS and 
changing their mindset. In this paper, the latest structure of 
EDIPS and strategic thinking of players in the game were 
denoted. Future works will include more detailed analysis and 
evaluation of actual educational effects of the game, and 
application in actual manufacturing firms. Further information 
of the game is open on the web page [19]. 
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